THE HANDLING OF RADTOACTIVE-CONTAMTIATED AIR
AT OAK RIDGE NATTONAL LABORATORY#

By W. G. Stockdalo, C&CCC, ORNL

L. Introduction

Air contaminated with radioisotopecs constitutcs tho groatest volumo of

S

radioactive weate created by the operation of nuclecr reectors exd associated
chenical procasses; It is vert of the most costly single item in a modern
radiochemical process - Weste Disposal.

Waste disposal accounted for 20 per cent of the total constructlon dbudget
of a recently construcied radiochenical plant. This 20 per cent exceels the
total emount of estimated capitel expenditure (E. P. Visner and nssociates)
thav cén be ellowed for a fuel *ecovery plant in commectiion with a pover
reacto* if the reactor is to cozpare favorably mlvh the present methods for
proéucins pover. 'This clearly indicates %he irportence of proper and
. econcuical dispossl of *5d*oact*ve vaste and the Zmportence thet should be
attached to it in design

Thle presentation is to discuss the sys ters in use &t Oak Ridge TFationzl
Laborauory for decontenination of rediocactlive-con tauipated air and its final
disposal. "

In 1948, at the sta:w of the present air-cleaninz prosam at Oek Ridge
Netional Leboretory, the major source of the particulate contexirnation in the
air vas cxpecied to bpe the eir-cooled nuclba rcactor, end work wes irwediotely
ipitiated on the desiszn of & system for cleaning this eir. At the same tixe, a
sLrvey was underieken to ovaluatc the contribution of all thé'potential gouxrcaes

L

In the Laborctory to this problem of particulate conteminetion. The resulis

% Papor wresented ot Alr Clecaning COﬁ;CICﬁCO end Stack Gag Working Groun Uoeting,

o
Sopterdor 21-23, 1953, Los Alewss, Now lcxico.
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of this stqdy.indicntcd that the larze-scale chomical processing units at the
Laboratory céntributod wore to the échéral area contamination than did the
operation of the nuclear reactor. In addition, it was Jound thet the emount

o? radioactivity. contributed to the general atmospheric contamination from | N

Laboratory hoods was relatively insignificant.

2. Air-Cleoning Facilities for ORNL Graphite Reactor

As a result of a literature search end consultetion with companies con-
cerned with problems of cleaning Air, f1ltration was sclected as the procedure
to be used for cleaning the air from the nuclear reactor. Among the other
techniques that were considered for this application were cyclone separators .
and electirostatic precipitators.

The ORNL graphite reactor filter house vasg desi~nea to filter 120,000 cfm
of elr et a temperatﬁre of 215°F and.a negative pressure of 50 inches vater gege.
The exvected dust load was less than 500 grams per cday of particles with a maxizun
dicreter of 600 rmicrons, & lerge nmumber of them being in the subﬁicron renge.
The designed efficiency of this house was 99.9 pes cent or better for particles

<

dowvn to 0.1 nmicron in size.

To remove ruch of the estinated atmospheric dust load of 0.3 grain per
1000 cubic feet (280 grzums per day), the cooling air 1s filtered before It enters
" the pile with Azerican Air Filter Cowpany Alruat iype PL-24 Tilter units loaded
vith 3/32-inch type G Airmat filter medium.

The f£ilter house is a large reinforced concrete structure composcd of four
identical cclls, each conuaininv a rougning filter and a pollshing filter. The
 capitel investment wap of the order of /hOO 000. This I3 estimated to be

epprozizmately 25 per cent above norzmz:l coals owing to tho crash progran of

two 10-hour shifts during construction, which weas wvarrzated bocauvse of the




23

WASH-170

dSNOH

T eonl1g

¥3LId 371d

y a TN ——
—_— o R o U
Long B :
137100 B \\ﬂwu“
. VNV
-~ \\ s \\
- mimmimimimiN gy
i 2l
B m 11 vy U
SY3L114 'SM I~ SYALIL VY
o 1204
_ ERT]
) e - - a
| i . [ _
b ¥ o T ¥ Tenmlis I




24 ’ , WASIL-170

serious atmosphoric contamination at that time. A crons scction of tho filter
houwso is showa in Yig. 1.

~ The air enters the top of the filter house, passes downward through tho
rouching filter, thoen horizoantally through the polishing filter into the exzit
qir duct. A canal lqcated across the front of the {ilter house proviéco a
wvator seel botween the rouzhing filter area and the atmosphere and is a safe
recoptacle for the dust-laden filters when the filter medium I1s being renewed.

Procautions ere taken to.seal ell filters in placeAin structural steoel

frarss 1o onsure against leaks and bypassing of the filters. All access
to:the filters is through removeble roof slabs vhich provide a method for
remoto maintoﬁance. .

The rouzhing filters are standerd A.A.F. Co. dcep-pockel Tllters, each
pockhet coataining two layers of filter mediua - Lirst a l/2-inch layer of FG-25
1 ' -

end then a l/2-ihch laye:r of FG-50. The polishing or finishing fillers are

CWS No. 6 or AEC No. 1 units 2 feet by 2 feet by 11-1/2 inches in plywood frames.
v
Keintensnce of the filter house is prectically nonezistent except for
ll [}

the periodic renewal ol the filmer nediuwn. The average life of fhe roughing

filters is two years and of the polishing filters itwo and one-hell years.

The roughing filters are chanzed one cell atl a tixe at approrimutely

siz-month intervals when the vressure drop across the filter house epprocches

. b
or exceeds 8 inches water gege. The filucrs arc washed dovn, removed, and

sptored in the canal. The nmcdium is rChOVbd from tho pockets and dburied, and

i . i
the pockets are reloaded for the next change.
. N )
The polishing filtera:a:c all ch&nvcd et tho seme time when the prescsure
] v

drop acroos tham reeches or approachos 5 inchos water gage. Both sides of

these ere spreyced with strip coating before they are rcemoved frceia the bullding

(1)

Zor burial. Thoe wmanpovwor required for changing Liltero 1o as follows:
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Roughing Filters(d)

Loading and gaskoting f£1lter pockots
Millurights
Laborers

Chan;ing filters

Oporation
Utility mechanics

Health vhysics swrveyors

Unloading and cleexning pocketis

Total

Polishirg Filters

damufacture and loading of framzes
Cerpenters

- Changing filters

Rigzers

Palters

Truck drivers

Health physics surveyors

Total

}an-dayvs vor Coll
6
2

R I

10

26

10

10

Bl v o ow

25
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Tho cost of opecration of the filter houso is low except during
£iltor chonges. Normal operation of the house roquires less than 1
ranhousr por day. The following 1s & broskdown of the cost of a complete>

£iltor change: (1)

-~
1

. Rovzhing filters

Material $ 3,800
Lebor and Equirment 3,400
Subtotal ' P 7,200 $ 7,200

'"Polishing filtexs

Feteriel $10,000

Labor end Equipment 4,500
Subtotel gi4,500 = $1k,500
Dotal $£21,700

With oze rouzaing filter change every two years and one polishing
filtex chanze every two and oxe-half ysers, the ennual maintenance

3

cost would be £9,L400.

(1) Date taken froa letter to W. R. Peze, BiL, lay 21, 1952 by J. A. Ccx, (RNWL.
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3. Afr Cleanine Meilities for Jaboratorion and Chemical Plantg

During tho rocent construction program at Osk Ridgzo Natlonal Laboratory
to repvlace temporery facilitics, it was nocessary to develop new basic

A 3

procodures for the ventilation of the working erces and the control of radio-
active contaxiration in afr. It was provoscd to reduco to a minimzm the
exmount of air that is certain to or has a possibility of becoming contamineled,

and to classify radiocactivo contamirated eilr according to the degrece of con-

texination end to vrevent its dilution by loss ralloactlve strecas belor

ck

trectmont. The ecreas ccasidered in this prozran were offices, ladoratories,
hoods, cells, and radiochenmical processizng equipment. These procedures ars
briefly swmearized as Tollous:

Office Air: six charges of aixr por howr, withoul treetuent.

Leboresory Alr: minizm of tea ckanses of eixr peor hour, without treatzant.

Leboretory Food Air: nminizaim of 50 feet zor minuve face velocily wila

-

provisions Zor the installation of The Lilter when demonstreted necessary.
In additioa, each hood will have tﬁo vacuwa systems: tho firsf pystex wiitlk
iO inches of water vacuua to draw tho geses off vessels containing hizh
levels §f racioactivity axd ithe second sysienm vith 20 inches:of zercury
vacuwa to bo used Tor solution trensfers and olther appiications vrero
high vacuwa is required. Tho alxr frca both these vacuua systems will Dbs
cleaned before beiﬁg dischaxrged ©o tﬁe.atmosphero.
Cell Air: held &t reduced prossure (1 inch of-water) vhen cormteninmation
is enticinatcd; elr flov linited %o evout 250 cubic feef vexr ninute,
wnich will requiro tho air to be cleensd. VWhen cell air conterination

19 not probudle, 20 chapzoo of air per houwr without treatment is permitied.
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Radiochenical Proceas Vesael OfT-Cas: a systcm with a vucuuh'of L0 Inches

of wator to be usod for tho dissolvor and proccas vesscl off-gau line angd
ono with a vacuum of 28 inches of mercury to be used for solution transfors
and high-vecuun applications. The air from both vacuum systems will dbe

treatod,

A central facility hag becn estﬁblishod et Osk Ridge National Laboratory
to clcen the radioactive.contaﬁinafed eir from the chemical procossing aroes
end to disposc of it to fhe atmdsphere. The air from the off-gas systens is
clcaned by passing it through a Cottréll electrostatic precipitator followed
by an A. A. F. Co. FG-25-50 coﬁbiﬁatibn filter identicel in performance with
those described in Sect. 2. bThis system has & capacily of 2000 cubic'feet
ol alr per uinute and callects gas fron gil radioigotope production vessels,
off-gas from.hooas, end ventilation air Trom dry bozes.

' The cecoad éir-éiééning Tacility in this.area is oa the ventilation
Eystexs froﬁ‘:aéioché:iéal Processing areas. This facililty congists ol a
bexk of FG-25-50 coubiration A. A. F. Co. backed by CWS No. 6 vaper filters,
gnd is eséentially a miniature'of the graphite reactor filter house described

earlier. - . ,
Thé third system comsists of central collection ducts from leboratory

hoods in the erea and experirenial colls when, by the nature of the work,

the possibility of comtaminetion is slizht. Thié volume of air is discherged

| to the atzosphere via & 250-foot-hizh stack without prelinirary cleenup.

- The discharge froa the two proviously meationed systens also emptics into

this steci.
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‘Figare 2 is o schematle drawving of the central air-cleaning facility.
Pioure 3 is a photogruph/of tho area as constructed. 7To tho loft behind tho
* concrete barricado is the filtor bank on the ventilation systems. To the
right foreground arc the main exhaust fans. TFigurc I is a photograph of
the samos area showlng the ton of the Cottrell precipnitator and the atainicsc
steel dischoxge line to the stack., Figure 5 is a phptograph of the precipitetor
durirg. consiruction.

The Cottrell precipiteltor 1s of the exposed-tube type, containing
twenty-three 8-inch-dioneter tubes 12 feet in length, fabricated of No. 14
gage stainless steel. Those paris of the precipitator thet come in contact
with the gases 1o be cleanced vhich may be corrosive ere constructed of type
347 steinless steel. Fiéure 6 is a cross-section oraw*ng of the precipitetor.

The discharge elecirode systen 1s stainless‘steel wire longitudinally
centered throuzh each collectirg elecirode, suspended froxm porcelein insuwleators,
and held teut by porcelain weigats et the bottom. | ‘

The pre tator is equipped with a continucus water-flush system. Xozzles
arc provided at the top of_edch tube in such e manner that e continuous filn o
water 1s m2intained on tho inrer surface o the tube.: In addition, a water-syray
systen is located in the extreme top to facilitate wasndovms,” Therwater vnich
is collected in a catch tenk is recirculeted to the precivitstor. When the
ectivity level or the acid coatent (NO and Noegare present In the off-gas)
becones high, the vater 1s diccherged to 1its bropcr location in the liquid-
wastoe-adisnocal system of the plant.

The precipitator is designed tb oéérato et a meximun terpereture of 20097
and & negetivo pressure of 60 inchos waoter at a flow of 2000 cubic fecot por

uinute., The waler flush oysicm oZoretoy at 3 to 6 5allons per minute pexr tube.
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The electrical dosign voltage is 75,000 volts, 25 kilovolt-eauperes and
operatog én'hho-volts 3-;hasc 60-cycle currcnt to the power pack. In acturl
practice the precipitetor is operating with 52,000 volts and a current of
130 milliazmeres. o |

The copitel invoestment of the entire system is $100,000.

In addition to the main centrel facility, scverel small air-cleening
filters ero located at isoleted experimental radiochcmicel installstions.
These ere minieture replicas of the graphite reactor filter irstellation

xcent for ore unit in vhich a gradeo filver-fibre unit developed at

Hanlord is used.

5« Ecmo=zenous Reactor Eimeriment Air-Cleaning Systen

A chorccal systea vas coastructel Jor the Hozozenous Reachor Zxperizexnt.
Its purpoco is To absorb the fission gases present in the efZluent gas
streer, end toerody Lold up the active gases until they have hed time to decay

to & safe lovol before being discharged to.the etzosphere. This systen

.consisied of a pinz coil 328 feet In lonxta and cou taithing 13.9% cubic feet of
"

-l e

Colwbia activaled coconut charcoal (gage 9, 8 to 14 mesh granuler) and was

L)

ccs*;ncc Lo opcrale el almospheric terderature &nd pressure vith & flow rate
o2 24 ghan card cubic feet por doy. Here, the air cleaning facilities wer
to be uscd only for ithe reletively short tims during which the experiments

eTe Lo be carriecd ous. v : -




